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0 Current driven voltage sensed laser diode driver (CDVS LDD). 



® A laser control circuit in which the laser is driven 
by a voltage controlled current driver. At the begin- 
ning of each scan, an outer loop senses the laser 
power, and compares it at an outer loop summing 
junction to a predetermined value to generate a 
correction, and then applies that correction to the 
current driver through an inner summing junction. 
Within each scan, an inner loop detects the voltage 
across the laser and applies it as a correction volt- 
age to the inner loop summing junction. The result is 
that at the beginning of each scan the laser power is 
set, and during the scan the voltage across the laser 
is held constant. 
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BACKGROUND OF THE INVENTION 

A temperature tracking circuit for driving a la- 
ser diode incorporating an inner loop which in- 
cludes a light level detector for regulating the laser 
diode forward voltage, and a voltage-to-current 
converter for driving the laser. 

A laser diode is typically set to its correct 
operating levels outside of the active scan region, 
but during active scan, the temperature of the laser 
can vary depending on the momentary duty cycles. 
For example, after long string of "ON" or "OFF" 
pixels, the instantaneous temperature of the diode 
may rise or fall, and the output light intensity (pow- 
er) may vary. 

If the laser is being driven by a voltage source, 
the laser is self-correcting to some extent. That is, 
the variation in laser temperature is accompanied 
by a change in output power, as well as a change 
in forward voltage drop. In laser diodes these two 
parameters track well. However, the problem with a 
voltage source is that it is sensitive to the capacita- 
tive elements of the laser, and is not a driver of 
choice in high data rate systems. 

A current driver is the driver of choice that 
enables high data rates; however, the current drive 
and the Laser output power do not track as well as 
voltage to power. An optimum design will have to 
incorporate the high bit rate capability of the cur- 
rent drive while retaining the inherent advantage of 
voltage and power tracking with temperature. 

SUMMARY OF THE INVENTION 

This circuit senses the power output of the 
laser, and uses it to drive a voltage source. How- 
ever, a voltage-to-current converter is interposed 
between the voltage source and the laser. Thus, 
the resultant circuit has the advantages of both 
prior art circuits. Namely, the laser is driven by a 
current source, but the loop is regulated to a volt- 
age, thereby achieving the best characteristics of 
both circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a block diagram of the circuit. 

Fig 2 is a graph of power and current for three 
temperatures. 

Fig 3 is a graph of voltage and current for three 
temperatures. 

Fig 4 is a graph of power and voltage. 

Fig 5 is a schematic diagram of the circuit. 

Fig 6 is a timing diagram. 



DETAILED DESCRIPTION OF THE INVENTION 

The circuit described herein uses a current 
driver for the laser which contributes to high speed 
5 and wide bandwidth, and uses the voltage drop 
across the diode as a measure of the diode output 
power. The result is an automatic power control 
circuit having fast speed and wide bandwidth op- 
eration while retaining a superior light level control 
70 and temperature compensation. 

Fig 2 shows the relationship between output 
power and current at three temperatures. There is 
a large variaton in output power as the temperature 
varies with constant current. Fig 3 shows the rela- 
75 tionship between voltage and current, and from 
Figs 2 and 3, the data relating power and voltage 
can be extracted and plotted, as shown in Fig 4. 
Notice that for a constant voltage in Fig 4, there is 
less variation in power than there is for the con- 
20 stant current of Fig 2. 

The highly defined threshold voltage and the 
relatively low temerperature sensitivity of output 
power in Fig 4 suggests a voltage driver circuit 
would be desirable. However, voltage drivers have 
25 speed constraints that render them less attractive 
than current drivers, especially in high speed ap- 
plications. 

This invention uses current drivers to achieve 
high speed performance, but uses voltage as the 

30 key parameter to control the power output level, 
resulting in good power level control and minimum 
sensitivity to temperature variations. 

The desired power is set to a predetermined 
level and the power output is monitored. The dif- 

35 ference between the predetermined level and the 
actual power, as detected by a photodetector, is 
fed back to control the voltage, and that voltage is 
then used to control the current, so that the power 
matches the required level. The detector is outside 

40 of the active region, before the start of scan, so the 
sample rate is once per scan. The problem which 
remains is how to compensate for temperature 
variations, resulting from long strings of ON or OFF 
bits, that occur within the scan. 

45 The circuit described herein is shown in Fig 1. 

The outer loop, which calibrates the power level 
once per scan line, consists of the laser diode 10, 
the output of which is shown as a dotted line. The 
power is detected by a photo detector 17 and 

so amplified by amplifier 16. The dc level of the 
output of this amplifier is offset by amplifier 1 5 and 
the result is applied to sample-and-hold device 14 
which provides one input to the summing junction 
13. The other junction input is the predetermined 

55 level that the laser should be set to. The output of 
the summing junction 13 is the final correction 
voltage which is applied to the inner loop, as de- 
scribed below. This correction is made once each 
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scan. 

The problem with correcting the laser power 
once per scan, typically either before or at the start 
of scan, is that during the scan, a long string of ON 
pixels may drive up the temperature of the laser. In 
the worst case, laser damage may result. For this 
reason, some designs gradually lower the power of 
the laser as time accumulates since the last cali- 
bration. 

The inner loop in this circuit is designed to 
regulate the laser during the scan. The voltage 
across the laser 10 is sampled by the voltage-to- 
current converter 18, the output of which is applied 
to a second summing junction 12 which adds this 
correction current to the one generated by the 
outer loop at the output of the first summing junc- 
tion 1 3. The sum of both correction currents is then 
applied to the current generator 11 which drives 
the laser 10. The inner loop thus minimizes any 
laser output drift between light output (outer loop) 
calibrations. 

A schematic diagram of one embodiment and a 
timing diagram for it are shown in Figs 5 and 6, the 
complete circuit comprising an inner and outer 
loop. 

The outer loop serves two purposes. The first 
is to calibrate the laser diode voltage to the output 
laser. This is accomplished by sampling the laser 
power using a scan detector. The detector is ex- 
posed to a full-on power level every scanline. As 
the detector is exposed to this light level, a sample 
and hold circuit samples the corresponding forward 
laser voltage. This sampled voltage level is used as 
a reference for the inner loop in between scanlines. 
For a multiple beam light source, the same concept 
applies except that time domain multiplexing may 
be required to sample the two beam intensity lev- 
els independently and as isolated cases. 

The second is to regulate and vary the light 
intensity level as requested by the exposure signal. 
Typically, the system power requirement is repre- 
sented by an analog exposure level signal. Based 
on the exposure level presented to it, the driver 
adjusts the current drive level such that the expo- 
sure level requested is matched by the power 
output. 

The inner loop serves a single purpose. It uses 
the laser voltage as its reference and regulates the 
forward voltage drop across the laser to that level. 
This inner loop may be implemented in different 
ways, the essence of the circuit is that the voltage 
drop across the laser is monitored and the driver 
current level adjusted to achieve a constant voltage 
drop across the diode. 

Fig 6 is the timing diagram illustrating the 
sequence of events. Not shown in this diagram is 
that the laser OFF current is determined by the 
exposure control setup or any other means of 



adjustment. This setup determines the OFF power 
level that the ROS can tolerate without significant 
loss of contrast. As the scan detector samples the 
laser OFF power level, a sample of the laser volt- 

5 age is taken and held as reference for the desired 
OFF level voltage within the scanline (in between 
scan detector samples). After the OFF level refer- 
ence voltage has been established, an ON level is 
presented by the exposure signal. The same rou- 

10 tine is carried out to capture an equivalent voltage 
level across the diode for the full ON level. 

After these two points have been determined, 
the laser power levels are regulated by the indirect 
method of regulating the laser voltage drop. Any 

15 error from the corresponding set points in the for- 
ward voltage drop across the diode is compen- 
sated for by increasing or decreasing the diode 
current drive. Since the power and voltage drop are 
tracking phenomenon in a laser diode, the result is 

20 a well regulated and temperature compensated 
power output. 

In Fig 6, there is shown a window during which 
the scan detector is exposed, and the timing of the 
laser sample, which is used in the outer loop. Next 

25 is shown a sequence of video data comprising six 
pixels that are all ON, six that are OFF and six 
more that are ON. The inner loop exposes the 
voltage detector to the laser power during these 
ON and OFF periods. 

30 Fig 5 is the detailed diagram of the circuit. The 

laser 10 is controlled by an outer loop consisting of 
a light detector 17, the output signal of which is 
amplified in amplifier 16, sampled by sample and 
hold circuit 14 and applied to the summing junction 

35 13 along with the predetermined exposure signal . 
The output of the summing junction 13 is amplified 
20 and applied to the inner loop summing junction 
12. 

In the inner loop, amplifier 23 samples the 

40 voltage across the laser 10. When the laser is fully 
ON, the amplifier 23 output is applied through 
sample-and-hold 22 and amplifier 21 to the positive 
input of the inner junction 12. When the laser is 
fully Off, the amplifier 23 output is applied through 

45 sample-and-hold 24 and amplifier 26 to the nega- 
tive input of the inner junction 12, the output of 
which is used to drive the current generator 1 1 . 

While the invention has been described with 
reference to a specific embodiment, it will be un- 

so derstood by those skilled in the art that various 
changes may be made and equivalents may be 
substituted for elements thereof without departing 
from the true spirit and scope of the invention. In 
addition, many modifications may be made without 

55 departing from the essential teachings of the inven- 
tion. 
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Claims 

1. A circuit for regulating the power of the light 
output of a laser means comprising: 

a voltage controlled current generator for 
driving said laser means, 

an outer loop comprising, 

a) a light detector means for detecting the 
output power of said laser means and gen- 
erating a power signal, 

b) an outer loop summing means respon- 
sive to said light detector means for com- 
paring said power signal to a predetermined 
value and generating a corrected power sig- 
nal, and 

c) an inner loop summing means for cou- 
pling said corrected power signal to said 
current generator, and 

an inner loop comprising a voltage detec- 
tor means for determining the voltage across 
said laser means, for generating a voltage cor- 
rection signal, and applying said voltage cor- 
rection signal to said inner loop summing 
means as a input to be added to said cor- 
rected power signal. 
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